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Boron phosphide has recently been identified as a potential high hole mobility transparent con-
ducting material. This promise arises from its low hole effective masses. However, BP has a relatively
small 2 eV indirect band gap which will affect its transparency. In this work, we computationally
study both optical absorption across the indirect gap and phonon-limited electronic transport to
quantify the potential of boron phosphide as a p-type transparent conductor. We find that phonon-
mediated indirect optical absorption is weak in the visible spectrum and that the phonon-limited
hole mobility is very high (around 900 cm2/Vs) at room temperature. This exceptional mobility
comes from a combination of low hole effective mass and very weak scattering by polar phonon
modes. We rationalize the weak scattering by the less ionic bonding in boron phosphide compared
to oxides. We suggest this could be a general advantage of non-oxides for p-type transparent con-
ducting applications. Using our computed properties, we assess the transparent conductor figure of
merit of boron phosphide and shows that it exceeds by one order of magnitude that of established
p-type transparent conductors, confirming the potential of this material.
I. INTRODUCTION
Transparent conducting materials (TCMs) are neces-
sary to many applications ranging from solar cells to
transparent electronics. So far, n-type oxides (e.g.,
In2O3, SnO2 and ZnO) are the highest performing
TCMs, allowing them to be used in commercial de-
vices [1–5]. On the other hand, p-type TCMs show
poorer performances, especially in terms of carrier mo-
bility, limiting the development of new technologies such
as transparent solar cells or transistors [3, 6]. Hence,
the search for high performance p-type TCMs has been
a long-lasting goal of the materials research community.
As demonstrated by analyzing high-throughput com-
putational data, p-type oxides have inherently higher ef-
fective masses than n-type oxides, thus rationalizing the
current gap in mobility between the best p-type and n-
type oxides [7, 8]. The strong oxygen p-orbital char-
acter in the valence band of most oxides is responsi-
ble for their statistically high hole effective mass. This
inherent difficulty in developing p-type transparent ox-
ides with low hole effective mass justifies moving towards
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non-oxide TCM chemistries, including fluorides [9], sul-
fides [10, 11], oxyanions [12, 13], suboxides [14] or ger-
manides [15]. The opportunities in non-oxide chemistries
have been recently confirmed by further analysis of high-
throughput computational data showing that non-oxide
materials have statistically lower hole effective masses
than oxides [16, 17]. Unfortunately, these lower hole
effective masses come with smaller band gaps that are
detrimental to transparency. Using the difference be-
tween fundamental (indirect) and optical (direct) band
gaps, we identified through high-throughput computing
boron phosphide (BP) as a very promising p-type TCM
candidate [16]. Boron phosphide shows according to com-
putations a rare combination of low hole effective mass,
large direct band gap, and p-type dopability.
Boron phosphide was characterized experimentally
through electrical and optical measurements [18–26] but
the sample quality is variable between these studies and
an in-depth theoretical analysis of boron phosphide is
thus required. In this paper, we theoretically study indi-
rect optical absorption and transport properties of hole
carriers in BP. Using state-of-the-art electron-phonon
computations, we investigate how phonon-assisted indi-
rect optical transitions impact the transparency of this
material. We also use the electron-phonon scattering ma-
trix elements to study transport properties and especially
hole mobility. We combine these theoretical results to as-
sess the performance of boron phosphide in terms of hole
conductivity and transparency, evaluating its transparent
conducting material figure of merit (FOM). Our results
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2show that BP can outperform current p-type transparent
conducting oxides.
II. COMPUTATIONAL DETAILS
Indirect optical absorption The complex dielectric
function ε1(E) + iε2(E) determines the extinction coef-
ficient κ = [(−ε1 +
√
ε21 + ε
2
2)/2]
1/2 and the absorption
coefficient α(E) = 2Eκ(E)/~c [27], where E is the pho-
ton energy, ~ is the reduced Planck constant and c is the
speed of light. In the independent-particle approxima-
tion and the electric dipole approximation, the frequency-
dependent imaginary part of the dielectric function is
given by
ε2(E) =
2pi
mN
~2ω2p
E2
∑
v,c
∫
BZ
dk
(2pi)3
|Mcvk|2
× δ(ck − vk − E),
(1)
where m is the electron mass, N is the number of elec-
trons per unit of volume, ω2p = Ne
2/0m is the plasma
frequency of the solid [28] with e the elementary charge
and 0 the vacuum permittivity, Mcvk = 〈ψck|eˆ · p|ψvk〉
is the optical matrix element where eˆ is the polarization
of the incident light and p is the momentum operator,
and electronic wave functions |ψ〉 of energy  and mo-
mentum k are labelled by their valence v or conduction
c band index. The factor 2 in (1) represents for the spin
degeneracy. The Kramers-Kronig relation [29] gives the
real part of the dielectric function ε1(E).
The effects of lattice dynamics on the dielectric func-
tion at temperature T are introduced by means of the
Williams-Lax theory [30, 31] as
ε2(E;T ) =
1
Z
∑
s
〈Φs(u)|ε2(E;u)|Φs(u)〉
×e−Es/kBT ,
(2)
where |Φs(u)〉 is the harmonic vibrational wave function
in state s with energy Es, u = {uνq} is a collective ionic
coordinate in terms of normal modes of vibration (ν,q),
Z = ∑s e−Es/kBT is the partition function, and kB is
Boltzmann’s constant. This expression has recently be-
come amenable to first-principles methods [32–38] and
we evaluate it using thermal lines [39, 40].
We perform the optical absorption calculations
at finite temperature using DFT in the projector
augmented-wave formulation as implemented in the
vasp package [41–44]. We perform self-consistent and
lattice dynamics calculations using an energy cutoff of
500 eV and an electronic Brillouin zone (BZ) Monkhorst-
Pack [45] sampling grid of size 8× 8× 8 for the primitive
cell and commensurate grids for the supercells. We
perform calculations using both the generalized gradient
approximation of Perdew-Burke-Ernzerhof (PBE) [46]
and the hybrid Heyd-Scuseria-Ernzerhof (HSE) [47]
functionals. We calculate the harmonic lattice dynamics
using the finite displacement method in conjunction
with nondiagonal supercells [48] using coarse vibrational
BZ grids of sizes up to 4× 4× 4.
Transport properties From Drude’s theory [49], the
mobility, written as µ = eτ/m∗, is proportional to the
average relaxation time τ and inversely proportional to
the effective mass m∗ of carriers. The relaxation time τ
(inverse of scattering rate) depends on different scatter-
ing mechanisms such as the scattering by phonons, ion-
ized and neutral impurities, or grain boundaries. Here,
we only take into account the scattering of carriers by
phonons, which is likely to be an important component
of scattering and is an intrinsic mechanism. The carrier
scattering by phonons can be computed theoretically if
the electron-phonon coupling matrix elements are known.
In principle, one can employ density-functional perturba-
tion theory (DFPT) to obtain the electron-phonon ma-
trix elements from first principles [50–52]. However, con-
vergence of relevant physical properties (e.g. electron
scattering rate by phonons) often requires very dense k-
and q-point meshes for electrons and phonons respec-
tively and a considerable computational time if fully per-
formed within DFPT. The recently developed interpola-
tion techniques based on Wannier functions offer a very
practical and efficient solution to overcome this obsta-
cle. Here, we use the EPW code [53, 54] interfaced with
Quantum ESPRESSO (QE) [55, 56] to calculate the re-
laxation time τnk (n is the band index). More details
on the theory and the implementation are presented in
Ref. [54]. In this work, the electron-phonon interaction
matrix elements were computed with QE using DFPT on
a coarse 6×6×6 q-point mesh as a starting point for the
interpolation with EPW. τnk is calculated using EPW on
dense 80×80×80 meshes for both k-point (for electrons)
and q-point (for phonons) to guarantee the convergence.
The Fermi level is set correspondingly to each doping con-
centration. All phonon modes for both inter-band and
intra-band scattering mechanisms are taken into account
in the computation of scattering rates. The structure re-
laxation, self-consistent, non self-consistent and phonon
calculations are performed using the PBE functional and
norm-conserving pseudopotentials [57] with very strin-
gent parameters for convergence, e.g. a high cut-off en-
ergy of 1088.5 eV (80 Ry).
In order to estimate the hole mobility due to the
phonon scattering, we solve Boltzmann’s transport
equation (BTE) using the BoltzTrap package [58]. The
relaxation time τnk obtained with EPW and DFT band
structure nk are necessary inputs for BoltzTrap. More
details about the calculations can be found in Ref. [17]
Figure of merit In many applications, the quanti-
ties of interest for TCMs are the conductivity and trans-
parency. It is convenient to use figures of merits (FOMs)
that will estimate the performance of a TCM material
through one quantity. Different FOMs exist in the lit-
3erature to compare TCMs [3]. We use the one defined
by Haacke [59] as T
10
σs, where T is the transparency or
transmittance and σs = σt is the sheet conductivity of a
film with thickness t and conductivity σ. The conductiv-
ity is simply given by σ = µCe with µ and C being the
hole mobility and concentration, respectively. The aver-
age transmittance in the visible spectrum is computed as
T =
∫
vis
BE [1−R(E)] exp[−α(E)t]dE∫
vis
BEdE
, (3)
where BE is the spectral radiance of a black body at
a temperature of 5778 K to model the solar spectrum,
R(E) is the reflectivity, and t is the thickness of a given
film. α(E) is computed as the sum of the indirect ab-
sorption (the direct absorption is negligible in the visible
spectrum as the direct gap of BP > 3 eV [16]) and the ab-
sorption due to plasmon effects which is modeled through
the Drude model as in Ref. [60]. The reflectivity is de-
rived from the absorption coefficient and the refractive
index, obtained through Kramers-Kronig relations [29].
We compare the FOM of BP with that of a current p-
type TCM, CuAlO2. For BP, the theoretical mobility
and absorption coefficient are used. For CuAlO2, we use
a hole mobility of 1 cm2/Vs [61–64] and an effective mass
of 2.5 times the free electron mass [7] as inputs for the
Drude model to obtain the transmittance and the con-
ductivity, as in Ref. [60]. In this case, our calculation
does not rely on the absorption coefficient but rather on
a relative dielectric constant of 11.7 in order to model
the 70% transmittance measured in thin films [62]. We
neglect the influence of the second gap, which has been
theoretically computed for CuAlO2 [65]. For both ma-
terials, we consider films of varying thicknesses and hole
concentrations.
III. RESULTS AND DISCUSSION
The conventional cell of BP is shown in Fig. 1. Each
B atom is surrounded by four P atoms in tetrahedral
corner-sharing local environments. The cubic symmetry
leads to an isotropic effective mass tensor [16]. Fig. 2
shows the phonon dispersions (fat bands) and projected
density of states (DOS) of phonons for BP using the PBE
functional. The fat bands representation indicates which
atom participates in the phonon modes. The lighter B
atoms mainly contribute to the optical modes at high
frequencies (3 modes) while the heavier P atoms play an
important role in the three acoustic modes at low fre-
quencies. The phonon dispersion computed using the
HSE functional leads to a very similar dispersion with
slightly higher phonon frequencies, particularly for the
optical modes (see Fig. S1 of the supplementary docu-
ment).
The phonon-assisted optical absorption at 300 K,
α(E), is shown in Fig. 3, which is calculated using the
FIG. 1. The conventional cell of BP with tetrahedral local
environments around B atoms (blue).
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FIG. 2. Phonon dispersions with fat bands representing
atomic displacements associated with lattice vibrations. The
width of fat bands gives a qualitative understanding of the
what species are involved in the phonon modes. The projected
DOS of phonons on each type of atom are correspondingly
shown next to the phonon dispersion. Here, the calculations
are done using semilocal PBE functional.
HSE functional for both electronic band structure and
phonon dispersion. The indirect band gap has a static
lattice (in an assumption that nuclei do not vibrate
around their equilibrium positions) value of 1.98 eV,
while the direct optical gap is about 4.34 eV and there-
fore the energy range shown in Fig. 3 only corresponds
to indirect absorption. As expected for indirect transi-
tions, α(E) is weak below the direct band gap with an
average value of about 103 cm−1 in the visible range.
The absorption onset at 300 K is red-shifted by about
0.25 eV in comparison with the indirect HSE static gap of
1.98 eV because the temperature dependence of the elec-
tronic band structure is also included in our calculations.
The same observation was recently reported for one of the
best n-type TCOs, BaSnO3 [35]. We also include a com-
4parison with experimental data from Refs. [25, 26] in the
figure, which shows reasonable agreement with our cal-
culations. The remaining small differences might come
from the approximation of the ab initio computational
framework but might also very likely originate from is-
sues with sample quality in the experimental reports. It
is worth noting that this computational framework was
utilized to compute indirect absorption for bulk silicon
yielding excellent agreement with experiment [33]. We
note that analogous calculations using the semilocal PBE
functional lead to a qualitatively similar absorption pro-
file, but with a significant red shift of about 1 eV associ-
ated with the standard band gap underestimation of such
semilocal functional.
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FIG. 3. Indirect absorption coefficient as a function of photon
energy calculated using the HSE functional at 300 K. The
experimental data from Refs. [25] (exp. data 1) and [26] (exp.
data 2) are also replotted for comparison. The colour band
indicates the visible spectrum.
Turning to electronic transport, Fig. 4 (a) shows the
DFT band structure and the scattering rates (inverse of
τnk) at 300 K for different electronic states calculated
using the PBE functional. The radius of the red dots
accounts for the intensity of the scattering rate of the
corresponding electronic state. We also present the pro-
jected and total DOS (Fig. 4 (b)) and the correspond-
ing relaxation time and scattering rate (Fig. 4 (c)) as
functions of energy. In general, the scattering rates are
proportional to the DOS, implying that the relaxation
time becomes smaller in regions of high DOS. The Fermi
level in doped BP can be located above or below the
valence band maximum (VBM), depending on the num-
ber of holes and the density of states around this valley.
For a hole concentration of 1018 cm−3, the Fermi level is
about 92 meV above the VBM, while it is located about
273 meV below the VBM for a very high concentration
of 1021 cm−3. We calculated scattering rates for different
doping concentrations (see Fig. S2 in the supplementary
document). From the band structure and the scattering
rates, we can calculate the mobility at room tempera-
ture following Boltzmann transport theory. Fig. 5 plots
the hole mobility in BP as a function of the hole concen-
tration at 300 K. The mobility decreases with the hole
concentration because, as the Fermi level shifts below the
VBM, the scattering rate increase (see Fig. 4 (c) and Fig.
S2 in the supplementary document). The hole mobility
obtained at room temperature is about 900 cm2/Vs at a
doping concentration of 1018 cm−3. This very high mo-
bility is the signature of a very low scattering rate. In-
deed, other materials with similar/lower effective masses
show mobilities at similar carrier concentration and tem-
perature that are significantly lower. For comparison, we
provide the data (including calculated effective mass and
mobility at carrier concentration of 1018 cm−3 and tem-
perature 300 K) for some materials in Table SI of the
supplementary document. Li3Sb, which was also iden-
tified as a low hole effective mass material, shows hole
effective masses of 0.24 [17, 66] which are smaller than
values of 0.34 [16, 66] in BP. However, the phonon-limited
hole mobility of Li3Sb is only around 70 cm
2/Vs [17].
A similar tendency is also observed in oxides, e.g. the
well-known high mobility n-type TCO, BaSnO3. This
compound has an extremely low electron effective mass
of 0.13 [66, 67] (∼2.5 times smaller than the hole effective
mass of BP), nonetheless, exhibits a calculated electron
mobility (taking into account only longitudinal optical
modes) of around 389 cm2/Vs [68]. This is ∼2.3 times
smaller than the hole mobility of BP.
The transport of holes in BP takes place around the
Γ point and has contributions from three bands. In this
region of the Brillouin zone, the scattering is very weak
(see Fig. 4 (a)) leading to high relaxation times around
the VBM (see Fig. 4 (c) and Fig. S2 in the supplemen-
tary document). We hypothesize that this weak scatter-
ing comes from a very weak scattering from polar modes.
Indeed, the Born effective charges [69] computed for BP
are very small [70]: about 0.56 for B and -0.56 for P lead-
ing to weak long-range electron-phonon interactions [71].
Both Li3Sb and BaSnO3 are much more ionic. Li3Sb
shows Born effective charges between 0.71 and 1.46 for Li
and around -2.89 for Sb. BaSnO3 Born effective charges
are between 2.76 and 4.48 for the cations and between
-3.51 and -1.86 for oxygen (see Table SI of the supple-
mentary document). Both BaSnO3 and Li3Sb should
therefore show stronger scattering of electrons by polar
phonons [71].
On a more general note, this indicates that non-oxide
compounds, in addition to lower hole effective masses,
can show lower phonon scattering rates than oxides. This
directly arises from the possibility for non-oxides being
less ionic and offering therefore weaker polar phonon scat-
tering of the electrons.
The computed mobility is an upper bound to experi-
mental mobilities as it only takes into account intrinsic
sources of scattering. We show in Table I a series of
experimental mobility measurements reported for boron
phosphide. We note that some of the samples in these
previous studies are not of very high quality, and the
measured mobility depends on the morphology of fabri-
cated samples, such as whether they are single crystals,
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FIG. 4. From left to right, (a) DFT electronic band structure at the PBE level, (b) projected DOS and (c) relaxation time
τ and scattering rate 1/τ . Each DFT electronic state is marked with red dots representing its scattering rate by phonons at
temperature of 300 K (the intensity of scattering is proportional to the size of the dots). The projected DOS are computed
using DFT. The relaxation time τ (in femtoseconds) and its inverse, the scattering rate, 1/τ (in 1/second) shown here as
functions of the energy are calculated for undoped BP (the Fermi level is approximately set at its mid-gap).
polycrystalline, amorphous, or thin-film. Nevertheless,
the experimental data confirms the potential for BP to
deliver high mobilities.
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FIG. 5. Hole mobilities computed as a function of hole concen-
tration at 300 K. The curved line represents the interpolated
data using spline interpolation method.
Accordingly, our calculations show that boron phos-
phide offers a very high hole mobility (∼900 cm2/Vs)
for a computed visible transmittance of 60% in a 100-
nm film. Note that this relatively low transmittance is
mainly due to the reflectivity of BP, which accounts for
39% of the loss of transparency. It is possible to use an
antireflective coating to counter that problem [76, 77]. If
a hypothetically perfect antireflective coating is used so
that the reflectivity of BP is suppressed, the transmit-
tance increases up to 98% for a 100-nm film. This makes
this material very attractive for transparent transistor
applications. The possibility of n- and p-type doping of
boron phosphide (as demonstrated both computationally
and experimentally) strengthens even further its interest
as a material for electronics applications in which am-
bipolar doping is a very useful property [78, 79].
In many applications such as contacts for solar cells,
it is not the mobility but the conductivity that is the
transport quantity of interest. In those applications, a
compromise between transparency and conductivity is of-
ten looked for and FOMs have been constructed to eval-
uate material performance as TCMs [60]. One of the
most common FOM has been proposed by Haacke [59].
It is obtained by multiplying the sheet conductivity by
the transmittance to the power 10. FOMs are typically
plotted versus thickness to find the optimal thickness.
Fig. 6 shows Haacke’s FOM against thickness for one of
the most traditional p-type transparent oxide CuAlO2
(in red) versus boron phosphide (in blue). The different
lines indicate the different doping concentrations from
1020 to 1021 cm−3. Here, the hole mobilities correspond-
ing to various hole densities are interpolated from the
computed data as shown in Fig. 5. Both materials show
an optimal thickness around the µm length scale, but the
achievable FOMs of BP are at least one order of magni-
tude larger. CuAlO2 has a fundamental band gap higher
than 3 eV and therefore does not absorb light in the
visible range. Despite BP absorbing in the visible, this
only occurs through indirect transitions, and our anal-
ysis shows that the resulting low transparency is more
than compensated by its higher conductivity in the over-
6TABLE I. The fabrication methods, hole-carrier concentrations C (in cm−3) and mobilities µ (in cm2/Vs) of cubic BP. These
values are extracted from experimental measurements (as cited references) at room temperature.
Processing C (cm−3) µ (cm2/Vs) Remarks
Solution (of Ni or Fe) growth 1.0× 1018 500 [72, 73] Contains 0.01% solvent
Epitaxial growth 8× 1019 285 [18] Si substrate
Epitaxial growth 5× 1019 350 [18] Si substrate
Hetero-Epitaxial growth 4.9× 1019 75.5 [19] Si substrate
Hetero-Epitaxial growth 2.2× 1019 100.6 [19] Si substrate
Chemical transport technique 1.67× 1018 1.77 [74] Small amount of B6P mixed
CVD + thermal neutron irradiation 1.1× 1017 100.3 [20, 22] Si substrate
Photo-thermal CVD 1.0× 1017 82 [75] Si substrate
CVD: Chemical Vapor Deposition
all FOM. Note that if reflectivity is suppressed in BP,
its FOM increases by two orders of magnitude. Overall,
our study confirms the interest of boron phosphide as a
p-type TCM and motivates further experimental work
on this material and a reinvestigation of its growth and
optoelectronic characterization [80].
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FIG. 6. Haacke FOM of BP (blue) and CuAlO2 (red) as
a function of the film thickness t. The dashed (solid) lines
correspond to a hole concentration of 1020 (1021) cm−3.
IV. CONCLUSIONS
We have investigated the influence of phonons on the
optical absorption and transport properties of BP using
state-of-the-art ab initio methods. We observe very weak
phonon-assisted optical absorption in the visible range.
The hole mobility is estimated by solving the Boltzmann
transport equation taking into account phonon scatter-
ing. Our results show that BP has an exceptionally high
hole mobility (∼900 cm2/Vs at low doping and room tem-
perature) for a transparent material. This very high hole
mobility is not only due to the low hole effective mass
but also from the weak scattering of the electrons by
phonons. This weak scattering is attributed to the weak
ionic nature of boron phosphide leading to lower polar
phonon scattering than in oxides. Our comparison of
boron phosphide with established p-type TCMs such as
CuAlO2 indicates its much higher figure of merit and fur-
ther confirms its potential as a p-type TCM. On a more
general note, as non-oxides tend to be less ionic than
oxides, they can lead to lower polar phonon scattering
and higher mobilities. This is one additional reason to
explore further non-oxides for TCM applications.
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We use electronic and phonon band structures computed using the hybrid HSE functional for phonon-assisted
optical absorption in order to better reproduce the magnitude of the band gap, while we use electronic and phonon
band structures computed using the semilocal PBE functional in the transport calculations. Fig. S1 compares the
phonon band structures computed by the PBE and HSE functionals, with the HSE functional giving slightly higher
vibrational frequencies, particularly for optical modes.
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FIG. S1. Phonon band structures comparing the PBE and the HSE functionals. The HSE functional leads to higher vibrational
energies.
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2Fig. S2 plots scattering rates as functions of energy for different doping concentrations such as 1018, 5× 1018, 1019,
5× 1019, 1020, 5× 1020, and 1021 cm−3. The Fermi level corresponding to each doping concentration is shown. The
scattering does not change significantly in advance of heavily-doped regimes since 5× 1020 cm−3 in which the Fermi
levels move very deeply into the valence band.
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FIG. S2. Scattering rates for different hole concentrations. The corresponding Fermi levels are indicated by vertical lines.
Valence band maximum is set to zero.
Table SI presents information about (hole/electron) effective mass, effective charge and calculated (hole/electron)
mobility for several materials. The effective masses and the effective charges are referred from Refs. [1] and [2],
respectively. We note that the effective masses here are the average quantities which take into account the contribution
from all bands at a given doping concentration and temperature (the effective masses shown here correspond to a
carrier concentration of 1018 cm−3 and temperature of 300 K). More details about the definition and computational
method can be found in Ref. [5]. The electron mobility of BaSnO3 in Table SI was reported by Krishnaswam and
co-workers [4], which is estimated with only taking into account the influence of longitudinal optical phonon-modes.
3TABLE SI. Formula, there eigenvalues of (hole/electron) effective mass tensor (in unit of free-electron mass mo), three eigen-
values of Born effective charge tensor of each atom in the unit cell (in unit of the elementary charge e) and average calculated
(hole/electron) mobility (in cm2/Vs) at carrier concentration of 1018 (cm−3) and room-temperature 300 K. The corresponding
references are marked.
Formula Effective mass [1] Born effective charge [2] Mobility
BP mh = [0.34, 0.34, 0.34]
B: [−0.558, −0.558, −0.558]
µh ∼ 900 [This work]
P: [0.558, 0.558, 0.558]
CaTe mh = [0.60, 0.60, 0.60]
Ca: [2.381, 2.381, 2.381]
µh ∼ 20 [3]
Te: [−2.381, −2.381, −2.381]
Li3Sb mh = [0.24, 0.24, 0.24]
Li-1: [1.460, 1.460, 1.460]
µh ∼ 70 [3]Li-2: [0.713, 0.713, 0.713]
Li-3: [0.713, 0.713, 0.713]
Sb: [−2.886, −2.886, −2.886]
BaSnO3 me = [0.13, 0.13, 0.13]
Ba: [2.755, 2.755, 2.755]
µe ∼ 389 [4]
Sn: [4.482, 4.482, 4.482]
O-1: [−1.862, −1.862, −3.513]
O-2: [−1.862, −3.513, −1.862]
O-3: [−3.513, −1.862, −1.862]
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